Abstract: Anomaly mediation is a ubiquitous source of supersymmetry (SUSY) breaking which appears in almost every theory of supergravity. In this paper, we show that anomaly mediation really consists of two physically distinct phenomena, which we dub "gravitino mediation" and "Kähler mediation". Gravitino mediation arises from minimally uplifting SUSY anti-de Sitter (AdS) space to Minkowski space, generating soft masses proportional to the gravitino mass. Kähler mediation arises when visible sector fields have linear couplings to SUSY breaking in the Kähler potential, generating soft masses proportional to beta function coefficients. In the literature, these two phenomena are lumped together under the name "anomaly mediation", but here we demonstrate that they can be physically disentangled by measuring associated couplings to the goldstino. In particular, we use the example of gaugino soft masses to show that gravitino mediation generates soft masses without corresponding goldstino couplings. This result naively violates the goldstino equivalence theorem but is in fact necessary for supercurrent conservation in AdS space. Since gravitino mediation persists even when the visible sector is sequestered from SUSY breaking, we can use the absence of goldstino couplings as an unambiguous definition of sequestering.
Introduction
If supersymmetry (SUSY) is realized in nature, then SUSY must be spontaneously broken and the effects of SUSY breaking must be mediated to the supersymmetric standard model (SSM). In the context of supergravity (SUGRA), the most ubiquitous form of mediation is "anomaly mediation" [1] [2] [3] [4] , which persists even when (and especially when) a SUSY-breaking hidden sector is sequestered from the visible sector. Of course, anomaly mediation need not be the dominant source of SSM soft masses, and there are theories where anomaly mediation is suppressed or absent [5] [6] [7] . But given its ubiquity, it is worth better understanding the physics of anomaly mediation and the circumstances which give rise to sequestering.
Indeed, anomaly mediation has been the source of much theoretical confusion, and various papers have aimed to clarify the underlying mechanism [8] [9] [10] [11] [12] [13] [14] [15] . The original description of anomaly mediation involved the super-Weyl anomaly [1, 2] , and the most straightforward derivation of anomaly-mediated soft masses uses the conformal compensator formalism of SUGRA [16] . As discussed in Ref. [9] , anomaly mediation really involves three different anomalies: a super-Weyl anomaly, a Kähler anomaly, and a sigma-model anomaly. More recently, Ref. [11] emphasized that SUGRA is not even a necessary ingredient, as a version of anomaly mediation (corresponding to the sigma-model anomaly) appears even in the M Pl → ∞ limit. 1 In this paper, we will show that the phenomenon known as "anomaly mediation" really consists of two physically distinct effects. This realization clarifies a number of confusions surrounding anomaly mediation, and leads to a physical definition of sequestering in terms of goldstino couplings. Throughout this paper, we will use "goldstino" to refer to the longitudinal gravitino mode in the high energy limit (E ≫ m 3/2 ) [17] [18] [19] . 2 The two effects are as follows.
• Gravitino Mediation. Famously, bosonic and fermionic modes in the same multiplet have SUSY mass splittings in the bulk of four-dimensional anti-de Sitter (AdS) space [27] [28] [29] . 3 These mass splittings are proportional to the AdS curvature, and thus to the gravitino mass m 3/2 . If SUSY AdS space is minimally uplifted to Minkowski space via SUSY breaking, these mass splittings are preserved, leading to SSM soft masses from "gravitino mediation". These soft masses do not have associated couplings to the goldstino, naively violating the (flat space) goldstino equivalence theorem [17] [18] [19] . Nevertheless, the absence of goldstino couplings is necessary for conservation of the AdS 4 supercurrent. Gravitino mediation closely resembles traditional anomaly mediation [1, 2] , and is related to the super-Weyl anomaly. Gravitino mediation can never be turned off, since it arises from the infrared symmetry structure of SUSY AdS space.
• Kähler Mediation. If visible sector fields have linear couplings to SUSY-breaking fields in the Kähler potential, then this gives rise to "Kähler mediation", where SSM fields get mass splittings proportional to beta function coefficients. Linear couplings are ubiquitous in the presence of modulus fields, so Kähler mediation typically accompanies (and sometimes cancels) gravitino mediation in explicit SUGRA constructions [5] [6] [7] 30] . As expected from the (flat space) goldstino equivalence principle, these soft masses have a corresponding coupling to the goldstino. In the M Pl → ∞ limit, Kähler mediation appears via the sigma-model anomaly (as emphasized in Ref. [11] ). It also receives 1/M Pl corrections due to the super-Weyl and Kähler anomalies. Unlike gravitino mediation, Kähler mediation is sensitive to the ultraviolet couplings of the theory.
1 Ref. [11] also emphasized that the language of "anomalies" is not necessary, as the effect can be alternatively described in terms of gaugino counterterms. These gaugino counterterms are necessary to maintain SUSY in the 1PI effective action, including all anomaly contributions.
2 For M Pl → ∞ and m 3/2 → 0, this mode is the true goldstino from spontaneous SUSY breaking [20] [21] [22] . Here, we will keep m 3/2 fixed by considering the goldstino mode in rigid AdS space [23] [24] [25] [26] . In particular, the familiar relation m 3/2 = F eff / √ 3M Pl is only true after adjusting the cosmological constant to zero, so we can still take M Pl → ∞ while preserving effects proportional to m 3/2 /F eff .
3 These splittings are required by the global AdS SUSY algebra. The case of massless gauge multiplets is subtle, since physical gauginos are massless in AdS4. Crucially, a bulk gaugino mass term is required to cancel an infrared contribution to the gaugino mass in the 1-loop 1PI effective action, arising from boundary conditions in AdS4 [29] .
Anomaly?
Kähler Mediation
Super-Weyl These two contributions to anomaly mediation are summarized in Table 1 , focusing on the case of gaugino soft masses. Full anomaly mediation is simply the sum of gravitino mediation and Kähler mediation. 4 One might naively expect that no physical measurement could distinguish between gravitino mediation and Kähler mediation, since they only appear in combination in SSM soft masses. However, there is a crucial physical distinction in terms of goldstino couplings. 5 In usual SUSY breaking scenarios, gaugino soft masses are accompanied by a corresponding coupling between the gaugino λ a , the gauge boson A a µ , and the goldstino G L ,
where F eff is the scale of SUSY breaking. 6 For global SUSY, the relation c λ = m λ is required by the (flat space) goldstino equivalence theorem. In contrast, gravitino mediation is dictated by SUSY in AdS space, and generates a contribution to m λ without a corresponding contribution to c λ . Indeed, the difference m λ − c λ is necessarily proportional to m 3/2 by conservation of the AdS supercurrent, and this gives a physical way to measure gravitino mediation as distinct from all other sources of SSM soft masses. We will show this explicitly in Eq. (3.13). 4 As pointed out in Ref. [14] in the context of string theory, there is an additional anomaly-mediated gaugino mass which arises from an anomalous rescaling of the gauge multiplets. We discuss this effect in App. A and show that it yields a corresponding goldstino coupling consistent with (flat space) supercurrent conservation. 5 Our results can be interpreted as describing goldstino couplings in the analog of Landau gauge where the gravitino field is purely transverse. At the end of Sec. 4.2, we explain the same effect in unitary gauge. 6 There is also an additional coupling between the gaugino, goldstino, and the auxiliary field D a ,
The c λ of this coupling is guaranteed to be identical to the c λ in Eq. (1.1), so we omit this term for brevity throughout.
This result allows us to give an unambiguous definition of sequestering [1] , which is the condition necessary for traditional anomaly mediation (i.e. gravitino mediation) to be the sole source of SSM soft masses.
• Visible sector fields are sequestered from SUSY breaking if they do not have linear couplings to the goldstino. 7 In other words, c λ is measure of how well the visible sector is sequestered from the goldstino. Previously, sequestering was known to occur when the Kähler potential K and superpotential W took a special "factorized" form [1] − 3e
However, Eq. (1.2) is ambiguous, since the separation into "visible" and "hidden" sectors is not robust to Kähler transformations by a chiral multiplet X with K → K + X + X † and W → e −X W . Also, sequestering usually (but not always) requires moduli to be stabilized [31] [32] [33] [34] [35] [36] We can highlight the distinction between gravitino mediation alone and anomaly mediation more generally by comparing models with strict sequestering [1] to models with warped [7, [32] [33] [34] [35] [36] [37] or conformal sequestering [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] . In the case of strict sequestering, SUSY breaking is confined to a brane which is geometrically separated from the visible sector brane. This geometric separation forbids couplings between the goldstino and the visible sector. The only source of visible sector soft masses comes from gravitino mediation, which can be captured by the conformal compensator 8 
In the case of warped sequestering, visible sector fields on the IR brane feel an "effective" conformal compensator
where T is the radion superfield. Visible sector fields obtain anomaly-mediatied soft masses proportional to
Strictly speaking this is only true for gauginos. As we will explain below, scalar soft masses are more subtle because of irreducible couplings to the goldstino, but sequestering for scalars can still be defined as the absence of any further couplings to the goldstino. 8 The relation FΦ = m 3/2 is special to strict sequestering. See Eq. (3.2) for a more general expression.
but because the radion has overlap with the goldstino direction, there are visible sector couplings to the goldstino proportional to kF T . In the language of this paper, warped sequestering exhibits a cancellation between gravitino mediation and Kähler mediation. 9 Throughout this paper, we focus on gaugino masses, leaving a full description of anomalymediated scalar soft masses to future work [49] . As a preview, there is a mass splitting between scalars and matter fermions in the bulk of AdS 4 , analogous to the gaugino case, which includes the familiar two-loop anomaly-mediated scalar masses. However, already at tree-level in AdS 4 , scalars have tachyonic scalar soft masses equal to −2m 2 3/2 [27, 28] . While tachyonic scalar masses do not destabilize the theory in AdS space, they do in flat space. Thus, the SUSY breaking that uplifts the theory from AdS to flat space must remove these tree-level tachyonic soft masses, resulting in irreducible goldstino couplings which complicate the definition of sequestering. 10 In the remainder of this paper, we derive the gaugino soft masses and goldstino couplings arising from anomaly mediation, emphasizing the distinction between gravitino mediation and Kähler mediation. The soft masses are well-known in the literature, but to the best of our knowledge, the goldstino couplings have never been calculated explicitly. In Sec. 2, we give a straightforward derivation of how Kähler mediation arises in global SUSY. We then turn to full SUGRA in Sec. 3, applying the improved SUGRA gauge fixing of Ref. [51] . This is the simplest way to isolate gravitino mediation, since this gauge automatically decouples the (transverse) gravitino, leaving the goldstino coupling manifest. In Sec. 4, we describe the same physics using a more conventional SUGRA notation of Ref. [9] . We also explain the connection to the AdS 4 supercurrent conservation and the goldstino equivalence theorem. We conclude in Sec. 5.
Kähler Mediation in Global SUSY
Before deriving full anomaly mediation in Sec. 3, it is useful to focus on the case of pure Kähler mediation, which arises in the limit of global SUSY. This example was emphasized in Ref. [11] , but in order to connect to the (perhaps) more familiar language of Ref. [9] , we will derive the result using chiral anomalies (instead of gaugino counterterms).
Consider a field redefinition acting on a chiral superfield Q of the form
1)
9 This cancellation is not a fine tuning, since it arises from the geometry of the warped (AdS5) space. The curvature of AdS5 should not be confused with the curvature of AdS4, which is responsible for gravitino mediation. 10 There is a related subtlety involving tree-level holomorphic B-terms, since B terms arising from the superpotential have different associated goldstino couplings than B terms arising from the Giudice-Masiero mechanism [50] . Previously, both phenomena were considered to occur in the sequestered limit, but GiudiceMasiero secretly violates the conditions for sequestering [49] .
where α is another chiral superfield. 11 This field redefinition changes the Lagrangian in a classical way, but it also introduces a term related to the Konishi anomaly [52, 53] . If Q is in the representation R of non-Abelian gauge field, then the Lagrangian shifts as
where T R is the Dynkin index of the representation R. In the language of Ref. [54, 55] , Eq. (2.2) is simply the chiral anomaly analytically continued into superspace. In global SUSY, Kähler mediation arises whenever charged matter has linear couplings to SUSY breaking in the Kähler potential. This is easiest to understand using a non-linear representation X NL of a SUSY-breaking field which obeys the constraint X 2 NL = 0 [21, [56] [57] [58] [59] . Consider a Lagrangian which contains a matter field Q coupled to SUSY breaking as
We can remove the linear couplings of X NL by performing an (anomalous) field redefinition
where the last equality relies on X 2 NL = 0. From the Konishi anomaly, this yields
After the field redefinition, X NL only has quadratic couplings to Q, at the expense of introducing new couplings between X NL and the gauge multiplet. This is the essence of Kähler mediation. Expanding out X NL in terms of F X and the goldstino G L [21, 56-59]
Eq. (2.5) contains a soft mass for the gauginos and a corresponding coupling to the goldstino, as anticipated in Eq. (1.1)
11 Throughout this paper, we will use the notation of Ref. [51] , where boldface (X) indicates a superfield and regular typeface (X) indicates the lowest component of the corresponding superfield. Superscripts are field labels and subscripts indicate derivatives with respect to chiral fields. As needed, we raise and lower indices using the Kähler metric. We will use Q to indicate visible sector fields and X to indicate hidden sector SUSY-breaking fields.
where F eff ≡ F X in this example, and
As expected from the goldstino equivalence theorem (see Sec. 4.2), the goldstino couplings are proportional to the gaugino mass.
In the above derivation, the matter superfield Q was assumed to be massless, which was crucial for seeing a physical effect from the sigma-model anomaly. Indeed, without massless "messengers" to communicate SUSY breaking, one does not expect Kähler potential terms to affect holomorphic quantities like gaugino masses. To see what happens for massive matter, consider vector-like chiral superfields with a supersymmetric mass term µQQ c . In this case, the chiral rescaling in Eq. (2.4) yields a new superpotential term − µ Λ QQ c X NL . For large µ, Q and Q c are just heavy messenger fields, generating a gauge-mediated contribution to the gaugino masses which exactly cancels Eq. (2.7), as explicitly shown in Refs. [60, 61] . This insensitivity to heavy supersymmetric thresholds is a well-known feature of anomaly mediation, and persists in SUGRA as well; we may in general evaluate anomaly or betafunction coefficients at the scale of interest. For simplicity, we will take all matter superfields to be massless in the remainder of this paper.
The chiral rescaling procedure in Eq. (2.4) can be generalized to an arbitrary Kähler potential K.
Consider a set of chiral multiplets Q in the representation R with the Kähler metric K| ′′ R . 12 In general, K| ′′ R will be a function of SUSY-breaking fields X i , but as shown in App. B, there is a field redefinition that removes all linear couplings of X i in K| ′′ R but generates the anomalous term
where d R is dimension of the representation R. This form makes explicit use of the chiral projection operator (D 2 D 2 /16 ), which is overkill for our purposes. Since we are only interested in soft masses and goldstino couplings, we will assume that all SUSY-breaking fields have been shifted such that X i = 0, and focus on a subset of terms from expanding Eq. (2.9) to first order in X i :
In each SUSY-breaking multiplet X i , the fermionic component χ i has overlap with the goldstino direction as where F eff is the total amount of SUSY breaking (in the absence of D terms,
We see that Eq. (2.10) contains a gaugino mass and corresponding goldstino coupling
Once we sum over representations R, this is the general expression for Kähler mediation in global SUSY. As we will see, this chiral field scaling procedure will persist when we go to SUGRA, but the equality between m λ and c λ will be broken.
Gravitino and Kähler Mediation in SUGRA
Having derived Kähler mediation in global SUSY, we can now understand the analogous effect in full SUGRA. Now, the goldstino is eaten by the super-Higgs mechanism to become the longitudinal component of the gravitino, but it is still convenient to isolate the goldstino mode by using goldstino equivalence in the high energy limit. For simplicity, we will use "anomaly mediation" to refer to the combined effect of gravitino and Kähler mediation. As we will see, these two effects are physically distinct from the perspective of goldstino couplings. The improved SUGRA gauge fixing of Ref. [51] is particularly convenient for understanding anomaly mediation, both in terms of soft masses and goldstino couplings. In this gauge, matter multiplets (including the goldstino multiplet) are decoupled from the gravity multiplet up to 1/M 2 Pl suppressed effects. This allows calculations involving the matter fields alone to be performed in global superspace. After giving a brief description of the SUGRA Lagrangian and the gauge fixing of Ref. [51] , we will calculate gaugino masses and goldstino couplings to see the two faces of anomaly mediation.
The SUGRA Lagrangian
The conformal compensator formalism arises from gauge fixing conformal SUGRA using the conformal compensator field Φ. As reviewed in Ref. [51] , the tree-level SUGRA Lagrangian can be written as
where the ellipsis (. . .) corresponds to terms involving the graviton and gravitino. In general, the ellipsis contains quadratic mixing terms between matter multiplets and the graviton multiplet, but Ref. [51] showed that there is an improved gauge fixing for Φ where this mixing is absent:
In this gauge, one can simply drop the ellipsis terms in Eq. (3.1) for any calculation not involving gravitons or gravitinos, allowing one to study matter multiplets in SUGRA using global superspace manipulations.
There are a few important caveats to this gauge fixing. First, Eq. (3.2) only removes mixing terms at tree level, so strictly speaking, one can only study tree-level and one-loop effects using this formalism. This is sufficient for understanding anomaly-mediated gaugino masses at one loop, but we will have to postpone a study of two-loop scalar soft masses for future work. Second, this gauge fixing assumes that the cosmological constant has been adjusted to zero to yield a Minkowski vacuum, a necessary assumption for phenomenology. Third, Eq. (3.2) explicitly contains vacuum expectation values (vevs), which is perhaps unfamiliar but conceptually sound.
A nice feature of this gauge is that after adjusting the cosmological constant to zero
making it easy to identify terms proportional to the gravitino mass [51] . In particular, note that the (1 + θ 2 m 3/2 ) part of Φ has a SUSY-breaking F -component without any coupling to fermions. This will be the origin of gravitino mediation, which yields soft masses proportional to m 3/2 without a corresponding goldstino coupling. In addition to the tree-level terms in Eq. (3.1), there is a contribution to the Lagrangian coming from anomaly matching. Before introducing (and gauge fixing) Φ, conformal SUGRA contained a non-anomalous U (1) R gauge symmetry with gauge field b µ , so the corresponding global U (1) R must also be non-anomalous. Under this U (1) R , Φ (which we have yet to gauge fix) has R-charge 2/3 and matter fields have R-charge 0. Since chiral fermions have R-charge −1 and gauginos have R-charge +1, the gauge kinetic function for each gauge field must contain
such that these anomalies can be cancelled by a U (1) R shift of log Φ [62] (see also Ref. [10] ). Note that this is not the familiar expression for Φ coupling involving the beta function (see e.g. Ref. [1] ). This will arise after appropriate field redefinitions of the matter fields.
Field Redefinitions in SUGRA
The Lagrangian shift in Eq. (2.2) appears for any field rescaling of chiral multiplets, including rescalings involving the conformal compensator. With the improved gauge fixing, there is no mixing between matter multiplets and the gravity multiplet, and this lack of mixing persists (at least at one loop) after field rescalings. 13 In addition to the appearance of Eq. (3.5), the main difference between Kähler mediation in global SUSY and full anomaly mediation in SUGRA is that K in Eq. (2.8) is replaced by Φ † Φ Ω, with
We can now use the same fields manipulation as in Sec. 2, treating Φ as one of the SUSY-breaking fields. First, to remove linear couplings to the conformal compensator, we can perform the field redefinition
Combined with Eq. (3.5), this leads to the familiar anomaly-mediated term 8) which is proportional to the beta function b 0 ≡ 3T G − T R as expected. To remove linear couplings to SUSY-breaking fields in Ω, we use Eq. (2.9), replacing K with Ω
Here, we have used the fact that for unbroken gauge symmetries, the vev of K i (and of any derivatives of K i with respect to the SUSY-breaking fields) is zero for charged fields Q i .
Combined with Eq. (3.8), we arrive at the final anomaly-mediated expression 14
(3.10) Using the improved gauge fixing, anomaly mediation in SUGRA has essentially the same origin as Kähler mediation in global SUSY, arising from performing anomalous chiral rescalings to remove linear couplings to SUSY breaking in the Kähler potential.
As emphasized in Ref. [9] , anomaly mediation is associated with three different anomaliesa super-Weyl anomaly, a Kähler anomaly, and a sigma-model anomaly-corresponding to the three terms in Eq. (3.10). In our rescaling procedure, the Kähler and sigma-model anomalies in SUGRA have a common origin, and arise from taking the global sigma-model anomaly involving the Kähler potential K and replacing it with an "effective" Kähler potential Ω. In this way, the Kähler anomaly should be regarded as a 1/M Pl correction to the sigma-model anomaly. The super-Weyl anomaly is truly a SUGRA effect, and depends crucially on the fact that prior to gauge fixing, there was an anomaly-free global U (1) R symmetry. 15 
Soft Masses and Gaugino Couplings
Before expanding Eq. (3.10) in components, there is no apparent difference between gravitino mediation and Kähler mediation. This difference only becomes visible after identifying the gaugino soft masses and corresponding gaugino couplings in Eq. (1.1), repeated for convenience:
(1.1) 14 As discussed in App. A, there is an additional anomaly-mediated contribution arising from rescaling gauge multiplets from a holomorphic basis to a canonical basis. This effect is not captured by Ref. [9] since it requires direct couplings between SUSY breaking and gauginos, but it does appear in Ref. [14] . 15 As a side note, the derivation of anomaly mediation in Ref. [11] focused only on an Abelian gauge theory, so it does not capture the TG dependence in non-Abelian theories which arises from Eq. (3.5).
The gaugino mass from expanding Eq. (3.10) is
Note that both the super-Weyl and Kähler anomaly pieces have contributions proportional to K i F i , and we have used the fact that F φ = m 3/2 in the improved gauge fixing from Eq. (3.2). We can extract the goldstino coupling c λ from Eq. (3.10), using Eq. (2.11) to identify the goldstino direction:
Crucially, c λ differs from m λ by terms proportional to m 3/2 , owing to the fact that the (1+θ 2 m 3/2 ) piece of Φ has a SUSY-breaking F -component without a corresponding goldstino components. These terms are summarized in Table 1 . We can rewrite the gaugino mass and goldstino coupling in the following suggestive way:
where
14)
This is the primary result of this paper. Here, m AdS is the gaugino mass splitting from the bulk of SUSY AdS space (derived in Ref. [29] and discussed further in Sec. 4.2), and gives rise to a gravitino-mediated soft mass with no associated goldstino coupling. The remaining part of anomaly mediation c λ is Kähler mediation, which generalizes the global SUSY results from Sec. 2. As advertised, c λ is an effective measure of sequestering-in particular, sequestering of visible sector gauginos from the goldstino-and the limit c λ = 0 corresponds to pure gravitino mediation.
Alternative Descriptions
Having seen the two faces of anomaly mediated in the conformal compensator formalism, it is worth repeating the calculation in the (perhaps) more familiar language of Ref. [9] . We first rederive Eq. (3.13) in components, and then explain the connection to the AdS supercurrent and the goldstino equivalence theorem.
Anomaly Mediation in Components
As shown in Refs. [9, 63, 64] , after lifting the super-Weyl, Kähler, and sigma-model anomalies to superspace, the 1PI effective action contains
where for convenience, we have defined a chiral superfield C as
where R is the curvature superfield. This expression is valid in "supergravity frame" where the Einstein-Hilbert term has the non-canonical normalization e −K/3 R EH . 16 By taking the lowest component of C in App. C, we recover (non-local) terms in the Lagrangian that express the three anomalies. In order to derive physical couplings and masses from the other components of C, we need to transform to "Einstein frame" where the graviton (and gravitino) have canonical kinetic terms. This can be accomplished by performing the field redefinitions [9, 65, 66] 
3)
Note that the gravitino ψ µ , scalar auxiliary field M * , and vector auxiliary field b µ transform inhomogeneously under this redefinition. 17 With this field redefinition and adjusting the cosmological constant to zero, the scalar auxiliary vev is 10) analogous to Eq. (3.4). After performing the field redefinitions, the pertinent components of C are
16 It may be confusing that Eq. (4.1) is only a function of the Kähler potential K and not the Kähler invariant G ≡ K + log W + log W * . Because of the Kähler anomaly, there is a physical distinction between the superpotential W and the holomorphic terms in K. See Refs. [9, 10] . 17 Indeed, the improved gauge fixing of Ref. [51] was designed to avoid having to perform such transformations.
Here, it is understood that we have shifted all fields such that their vevs are zero and any expressions contained in angle brackets above are purely c-numbers. The ellipses represent omitted terms that do not correspond to any local terms in the resultant Lagrangian, but are necessary to maintain SUSY in the 1PI action. The gravitino coupling in the last term of Eq. (4.11) will be important in Sec. 4.2 below.
The Θ 2 component of C yields the gaugino soft mass, and the Θ component of C yields the gauge boson-gaugino-goldstino coupling. We can now derive Eq. (1.1), after identifying the goldstino mode through Eq. (2.11), and we recover the same answer as Eq. (3.13):
with
Because of the gravitino shift in Eq. (4.4) and the auxiliary field shift in Eq. (4.5), the superWeyl anomaly contributes to both gravitino mediation and Kähler mediation. Again, we see that gravitino mediation is physically distinct from Kähler mediation by the absence of goldstino couplings.
Supercurrent Conservation and Goldstino Equivalence
The fact that gravitino mediation gives rise to gaugino soft masses without corresponding goldstino couplings is perhaps confusing from the point of view of the goldstino equivalence theorem [18, 19] . However, we will see that this is necessitated by conservation of the AdS supercurrent. The goldstino equivalence theorem states that at energies well above the gravitino mass m 3/2 , the couplings of longitudinal gravitinos can be described by the (eaten) goldstino mode. In global SUSY, linear couplings of the goldstino are fixed by conservation of the (flat space) supercurrent
The part of the supercurrent that depends on the gauge boson and gaugino is
Using the gaugino equation of motion (assuming a massless gauge boson for simplicity), this gives rise to the interaction Flat space: 18) where m λ is the physical gaugino mass. In flat space, therefore, c λ must equal m λ , and there can be no contribution from gravitino mediation. The resolution to this apparent paradox is that the gravitino mediation arises from uplifting an AdS SUSY vacuum to SUSY-breaking Minkowski space, so we should really be testing the goldstino equivalence theorem for (rigid) AdS space [23] [24] [25] [26] . 18 Indeed, the last term in Eq. (4.11) contains an additional coupling to the gravitino, which contributes to the (AdS) supercurrent. 19 In principle, it should be possible to derive the one-loop AdS supercurrent directly from the SUSY algebra in AdS space, but we know of no such derivation in the literature. Instead, we can simply extract the one-loop contribution to the supercurrent by recalling that the gravitino couples linearly to the (AdS) supercurrent as
In this last step, we have identified the goldstino direction via [65] 20) and dropped the term proportional to G L σ µ j µ AdS /M Pl since it does not contain a gauge boson-gaugino-goldstino coupling.
We see that Eq. (4.11) contains a linear (non-local) coupling to the gravitino, and thus an additional (local) coupling to the goldstino
We recognize the term in parentheses as −m AdS from Eq. (3.14). Combining with Eq. (4.18), the full goldstino coupling in SUGRA is AdS space: 22) in perfect agreement with Eq. (3.13). Thus, the goldstino equivalence theorem holds even in the presence of gravitino mediation, albeit with the AdS supercurrent. This is as we anticipated, since particles and sparticles have SUSY mass splittings in the bulk of AdS space, so "soft masses" arising from m AdS should not have an associated goldstino coupling. We could alternatively derive the same effect in unitary gauge for the gravitino by realizing that the last term in Eq. (4.11) modifies longitudinal gravitino interactions by an amount proportional to m AdS /m 3/2 .
Discussion
In this paper, we have shown that anomaly mediation consists of two physically distinct phenomena, which can be distinguished by their associated goldstino couplings. Gravitino mediation (i.e. traditional anomaly mediation) is familiar from the phenomenology literature, but it has the counter-intuitive feature that it has no associated goldstino coupling. Indeed, the difference m λ − c λ = m AdS is a physical way to measure gravitino mediation, and c λ characterizes the degree of sequestering between the visible sector and the goldstino. Kähler mediation simply arises from linear couplings of SUSY-breaking fields in the Kähler potential, and appears in both global and local SUSY. The soft masses and goldstino couplings from Kähler mediation satisfy the (flat space) goldstino equivalence theorem. While these two faces of anomaly mediation can be understood directly in SUGRA component fields as in Sec. 4, the physics is more transparent using the improved gauge fixing of Ref. [51] . In this gauge, it is obvious why soft masses proportional to m 3/2 do not have any associated goldstino couplings, since the conformal compensator Φ contains a piece (1+θ 2 m 3/2 ) with no fermionic component. It is also obvious that the super-Weyl anomaly contributes both to gravitino mediation and to Kähler mediation. For deriving Kähler mediation in SUGRA, it is convenient that the Kähler and sigma-model anomalies are tied together into a single Ω function.
As previewed in the introduction, the case of scalar soft masses is more subtle, and we leave a detailed study to future work [49] . For gravitino mediation, conservation of the AdS 4 supercurrent must hold to all loop orders, such that any soft mass proportional to the AdS curvature will have no associated goldstino coupling. However, tree-level tachyonic scalars masses given by −2m 2 3/2 must be compensated by SUSY breaking to have a stable theory in flat space. This tachyonic piece is in addition to the well-known two-loop anomaly-mediated soft masses, so even in sequestered theories, there will be irreducible (but unambiguous) couplings between matter multiplets and the goldstino. Since anomaly mediation can be alternatively derived using Pauli-Villars regulating fields [2, 67, 68] , we should find that the soft masses and goldstino couplings of the regulators are precisely those necessary to maintain the gravitino/Kähler mediation distinction in the regulated theory.
We have emphasized the fact that a gaugino soft mass can appear with no associated goldstino couplings in the case of strict sequestering, which yields pure gravitino mediation. Interestingly, there are also reversed cases where a goldstino coupling is present with no associated gaugino mass. Famously, anomaly mediation is absent in no-scale SUSY breaking (and suppressed in almost-no-scale models) [6] . Also, theories with extra-dimensional warping can have suppressed anomaly mediation [7] . However, these arise from a cancellation between gravitino mediation and Kähler mediation (through moduli F -components), and thus goldstino couplings are still present even when there are no anomaly-mediated soft masses. This bizarre result is nevertheless required by conservation of the AdS supercurrent, and emphasizes the fact that the underlying symmetry structure of our universe is not just SUSY, but SUSY in AdS space.
A The Fourth Anomaly in Anomaly Mediation
As mentioned in Table 1 and footnote 4, there is a fourth anomaly which can contribute to the gaugino mass, though it is not so important for phenomenology since it requires direct couplings of SUSY breaking to the gauginos at tree-level. It was first pointed out in Ref. [14] in a string theory context. For completeness, we derive in this appendix the extra contribution within our framework, and we show that the associated goldstino coupling respects (flat space) supercurrent conservation.
Following the notation in Ref. [55] , the Yang-Mills term in a SUSY gauge theory is
where S is the holomorphic gauge coupling. The superfield S is chiral and does not run beyond one-loop in perturbation theory. However, the component fields of the gauge multiplet appearing in Eq. (A.1) are not canonically normalized. In order to go to a canonicallynormalized basis, we need to perform an anomalous rescaling of the gauge multiplet. This will induce an additional anomaly-mediated contribution to the gaugino mass.
As shown in Ref. [55] , the effects of this rescaling are encoded in the real vector superfield R (not to be confused with the curvature superfield), given by 20
The physical meaning of the components of R can be identified from the 1PI effective action
The lowest component of R defines the canonical gauge coupling, and the θ 2 component is related to the physical gaugino mass, via If S has a θ 2 component at tree-level, then there is an extra contribution to the gaugino mass and goldstino coupling from the second term in Eq. (A.2), in addition to the expected tree-level gaugino mass and goldstino coupling from the first term. This additional piece due to the anomalous rescaling of the gauge multiplet is
We can also read off the associated goldstino coupling from Eqs. (A.2) and (A.5), after identifying the goldstino direction through Eq. (2.11). This gives an additional goldstino coupling ∆c λ = ∆m λ (A. 7) in the notation of Eq. (1.1), consistent with (flat space) supercurrent conservation.
B General Chiral Field Redefinitions
In order to derive Eq. (2.9), we want to find a field redefinition on our (charged) matter superfields of the form
that removes all chiral couplings of the Q i to the SUSY-breaking fields X i , while preserving the canonical normalization of all kinetic terms. Explicitly, we want that after this field redefinition,
where exactly one of the indices on the latter corresponds to a SUSY-breaking field. Assuming we have shifted away all vevs of our scalar fields, the most general Kähler potential for charged matter can be written as
where we have omitted any terms that have no impact on Eq. (B.2) and rotated and rescaled the matter fields to have canonical kinetic terms. The linear couplings to X ℓ can be removed by the field redefinition
with K ′′ being the Kähler metric. This redefinition induces the anomaly term
The sum in the last line is now over the matter representations R.
C Non-Local Anomaly Terms
The lowest component of the superfield C in Eq. (4.2) yields (non-local) terms in the Lagrangian that express the three anomalies of the theory. In supergravity frame, we have explicitly
For example, the super-Weyl anomaly (or more accurately, the U (1) R anomaly [9] ) is expressed via
where b ρ is the vector auxiliary field which shifts as b ρ → b ρ + ∂ ρ α under a U (1) R transformation. Rearranging Eq. (C.1), the Kähler anomaly and sigma-model anomaly are similarly expressed via the Kähler connection and sigma-model connection [9] :
